Abstract Introduction Upper extremity musculoskeletal disorders influence workers' quality of life. Workstyle may be one factor to deal with in workers with pain in the upper extremity. The objective of this study was to determine if workstyle is a mediating factor for upper extremity pain in a changing work environment of office workers over time. Methods Office workers with upper extremity pain filled out a Workstyle questionnaire (WSF) at baseline (n = 110). After 8 and 12 months follow-up assessment took place. Participants were divided into a good and an adverse workstyle group at baseline. The presence of upper extremity pain in both groups was calculated and relative risks were determined. Chi-square tests were used. Results Eight months after baseline, 80% of the adverse and 45% of the good workstyle group reported pain. The relative risk (RR) of having upper extremity pain for the adverse compared to the good workstyle group was 1.8 (95% CI 1.08-2.86) (P = 0.055). Twelve months after baseline, upper extremity pain was more often presented in the adverse workstyle compared to the good workstyle group (RR = 3.0, (95% CI 1.76-5.11), P = 0.003). Twelve months after baseline, 100% of the adverse workstyle group and 33% of the good workstyle group reported pain in the upper extremity. Conclusion Workstyle seems to be a mediating factor for upper extremity pain in office workers in a changing work environment. It is recommended to assess workstyle among office workers with upper extremity pain, and to include workstyle behaviour in treatments.
Introduction
High prevalence and incidence rates for work-related musculoskeletal disorders of the upper extremity (UEMSDs) have been reported for office workers [1] [2] [3] . Several sociodemographic factors have been shown to be a risk factor for developing UEMSDs [1, [4] [5] [6] [7] [8] [9] [10] [11] [12] . Furthermore, exposure to some physical work demands and some psychosocial work characteristic can be risk factors for the onset of UEMSDs [13] [14] [15] [16] [17] [18] as well.
However, when office workers have developed pain in their upper extremity, other factors become important to deal with; workstyle might be such a factor [19] . The concept workstyle, introduced by Feuerstein and colleagues, is defined as ''a behavioural, cognitive and physiological response that can occur in individuals to increases in work demands'' [20, 21] . Adverse workstyle may be self-generated by experienced time pressure, a high need for acceptance and achievement or fear of negative consequences [22] .
Workstyle seems to be a mediating factor in the relation between job demands and pain in the upper extremity. Moreover, adverse workstyle seems to be predictive of future upper extremity pain and functional limitations among office workers [23] . In a study to determine the role of workstyle in UEMSD, it was shown that workers with pain had significantly more frequent unfavourable workstyle scores than workers without pain [24] . However, due to the cross-sectional design of this study [24] and the lack of other, high quality, studies on behavioural factors, results seem promising but are too scarce to draw conclusions [19] . It seems interesting to study if workstyle is a mediating factor for upper extremity pain for office workers when considered over time.
In this present study, a longitudinal study was performed in an office building of a Dutch governmental institute. In order to increase communication and cooperation between employees, the office building was totally renovated from traditional cellular workplaces to a shared open-plan office, and the new office aimed to be paperless. The implementation of this innovative office concept results in a totally new situation at the workplace. A new situation at the workplace can be considered as an temporarily increase in the job demands [25, 26] . Increased job demands is assumed because of the significant change workers have to deal with employing the different workstyle.
The objective of this study was to determine the mediating effect of workstyle on upper extremity pain in office workers. Because of the high impact of having an UEMSD on workers' quality of life [27] , it is important to be able to identify people at high risk for developing or maintaining UEMSDs within a working population. It was hypothesised that in workers with pain in the upper extremity, specifically pain in the upper extremity after 8 or 12 months is more prevalent in workers with an adverse workstyle compared to office workers with a good workstyle. The following research question was formulated: Is workstyle a mediating factor for pain in the upper extremity in office workers in a changing work environment over time?
Methods

Measurements
Three measurements were performed over time. The first measurement (baseline) was performed in March 2006. Because this study was part of another study (www. trialregister.nl ISRCTN 13222474), the second measurement (T2) was performed 8 months later. The third measurement (T3) took place 12 months after baseline. All measurements were assessed by digital questionnaires.
Workstyle
Workstyle was determined with the Workstyle Short Form (WSF) [20, 21] . The WSF contains 32 items within eight subscales. Part 1 of the WSF consisted of six subscales (working through pain, social reactivity, limited workplace support, deadlines/pressure, self-imposed workpace/workload, and breaks) using 5-point response scales, ranging from 0 (almost never) to 4 (almost always). Part 2 of the WSF consisted of two subscales (mood and autonomic response) of dichotomous response categories. The total workstyle score was calculated by summing the sum scores of part 1 and part 2 and could range between -8 and 95. A workstyle score was considered at risk if the total score was 28 or higher [21] .
Population
Office workers were selected from a population of office workers who were voluntarily participating in another study (www.trialregister.nl ISRCTN 13222474). In that study, office workers were included when they were working on a desktop computer for at least 2 days a week, for more than 4 h per day. For this current study, participants were selected out of that population, who reported pain in the upper extremity at baseline (n = 120, 51 men and 69 female). The mean age was 45 years (SD 9.3) and they worked on average 31 h per week (SD 6.6).
The selected study population was divided into a group of workers with a good workstyle and a group with an adverse workstyle at baseline, using the cut-off score of 28 [21] : The good workstyle group included workers with a total WSF score of 27 or less at baseline and at follow up (after 8 or 12 months). The adverse workstyle group consisted of workers with a total WSF score of 28 or higher at baseline and at follow up.
Outcome
Pain in the upper extremity was the outcome variable of this study. Both at baseline and at follow-up, participants were asked to put a cross on a Visual Analogue Scale (VAS = 0 to 100) that best represented their pain in the last 24 h. Pain in the upper extremity was defined as having a pain score above 0 measured on a VAS, a score of 0 on the VAS was defined as having no pain.
Analyses
Three groups of office workers were analysed: (1) The group of office workers with pain at baseline, who had filled out the pain question after 8 months and showed a steady workstyle over this time period (T2); (2) the group of office workers with pain at baseline who had filled out the pain question after 12 months (T3) and showed a steady workstyle over this time period; and (3) the population with pain at baseline who filled out the pain question at both T2 and T3 and did not change workstyle over time. A steady workstyle was defined as having a consistent workstyle score between the time periods that were analysed (e.g., an adverse workstyle at baseline and T2 for analysis [1] ).
To determine if there were differences between the adverse workstyle group and the good workstyle group of office workers with pain in the upper extremity at follow up over time, relative risks (RR) and (95% confidence interval) were calculated between the groups and Chi-square tests were used to test the RR between the workstyle groups at follow up. To give readers more insight, the mean level of pain per group is presented per measurement. Furthermore, differences between the adverse workstyle group and the good workstyle group at baseline were tested with t-tests. For all analyses, significant difference was defined as P \ 0.05.
Results
Participants
Of the total study population (n = 120), 110 office workers filled out the workstyle questionnaire at baseline. A adaptive workstyle was reported in 77 office workers (70%) and 33 office workers (30%) had an adverse workstyle. A total of 43 participants had filled out the pain question after 8 months and showed a steady workstyle over time and could therefore be used for analyses after 8 months (at T2). Of these, 10 had an adverse workstyle and 33 workers had a good workstyle at both time points. At baseline, the mean level of pain in the adverse workstyle group was 49. In the good workstyle group, the baseline pain level was 32. This difference was statistically significant (P = 0.039). A total of 33 participants had filled out the pain question after 12 months, had a steady workstyle over this time period and could therefore be used for analyses over the 12 month peroid (at T3). A good workstyle over time was found in 27 workers (mean pain level at baseline: 51) and six workers were defined as having an adverse workstyle (mean pain at baseline: 30, P = 0.053). Only six workers were available for the analyses on all measurements, all of whom reported an adverse workstyle.
Risk of Pain at Follow Up
The RR of having upper extremity pain 8 months after baseline for the adverse workstyle group compared to the good workstyle group was RR 1.8 (95% CI 1.08-2.86) (P = 0.055). Eight months after baseline, 80% of the workers in the adverse workstyle group and 45% of the workers in the good workstyle group reported pain in the upper extremity at the time of T2. See Table 1 for the number of office workers who reported pain in the upper extremity at T2 in the adverse and good workstyle group.
Twelve months after baseline, there was a significant difference in the presence of upper extremity pain between the workstyle groups (P = 0.003). The RR of having pain at T3 for the adverse workstyle group compared to the good work group was RR 3.0 (95% CI 1.76-5.11). Twelve months after baseline, 100% of the adverse workstyle group and 33% of the good workstyle group reported pain in the upper extremity. Table 2 summarises the number of upper extremity pain cases after 12 months (T3) for the adverse and good workstyle group.
As mentioned above (see section ''Participants''), in the population that filled out both the pain question and the workstyle questionnaire at baseline and after eight months (T2) (n = 43), only six office workers filled out the pain question after 12 months (T3) and did not change from workstyle type. All six office workers reported pain at T3 and scores in the adverse workstyle; range a good workstyle or having no pain was not reported. Because of these low numbers, no RR or tests were performed.
Discussion
In this study, the mediating effect of workstyle on upper extremity pain in office workers has been evaluated. The results show that an adverse workstyle is a mediating factor for pain in the upper extremity in office workers in the long term (12 months). Office workers with an adverse workstyle have a three times higher risk of pain after 12 months compared to office workers with a good workstyle. Furthermore, a trend can be seen in the mediating effect of workstyle 8 months after baseline. After 8 months, office workers with an adverse workstyle had a relative risk of 1.8 of pain in the upper extremity compared to office workers with a good workstyle.
The hypothesis tested of whether workstyle was a mediating factor for pain in the upper extremity over time in a changing work environment, is largely confirmed in this study. However, the difference in risk of having pain in the upper extremity after 8 months is not statistical significant between the adverse and good workstyle group. This may be explained by the relative small number of workers in this study. The baseline risk for experiencing upper extremity pain was 53% in our population. The 1.8 times higher risk in workers with an adverse workstyle after 8 months (see Table 2 ) is, therefore, thought to be a very relevant outcome. Furthermore, the baseline level of pain in the adverse workstyle group was higher than in the adaptive workstyle group (P = 0.038 vs P = 0.053). This may be a mediating factor for pain in office workers itself. However, on the contrary, workstyle may also affect the level of pain of the workers. It would be interesting to study the level of pain in future research on workstyle. This study showed that an adverse workstyle increases the risk of having upper extremity pain in office workers. This finding assumes that assessing workstyle among office workers who have pain in the upper extremity might be indicated. By identifying workers with upper extremity pain with an adverse workstyle, changing workstyle behaviour would be appropriate in rehabilitation activities. Because workstyle is a combination of factors, such as working through pain, deadlines/pressure, and selfimposed workload that contribute to upper extremity pain, interventions could be developed to address each of these contributing factors to adverse workstyle [23] .
In a recently published randomized controlled trial, an intervention was evaluated that aimed at changing office workers' workstyle [28] [29] [30] . In short, the workstyle intervention consisted of six sessions within a 6 months period. Information was provided about upper extremity pain and the risk factors body posture, static workload, insufficient breaks, high workload and work stress. Furthermore, guidelines for workplace adjustments were provided and these adjustments were checked in practice. Using work breaks was stimulated and how to recognize work stress was discussed. General and individual risk factors for work stress, and different ways of coping with work stress were discussed, and solutions for these risk factors were searched for [30] . This workstyle intervention was only effective in reducing pain outcomes of the neck/shoulder symptoms in the long term (after 12 months of follow up), while no effects on arm/wrist/hand pain in the short-term (i.e. after 6 months of follow-up) were found [28] . Therefore, the content or implementation strategies of workstyle interventions need more study. Refining workstyle interventions by including bio-behavioural factors, such as working through pain, that influence arm and hand pain, may be a promising alternative [31] .
Van den Heuvel et al. [24] studied the mediating effect of workstyle in the relationship between work exposure and upper extremity pain. The subscales 'working through pain' and 'social reactivity' had the largest mediating effects [24] . This is in accordance with the current study results that show that the subscale working through pain attributes most of all subscales to the total workstyle score [both mean 10.26 (SD 4.9) and median score: 11.00]. However, in the study of van den Heuvel [24] , only half of the subscale working through pain was assessed. Therefore, scores are not comparable between the two studies. In our study, we used the authorized Dutch translation of all 32 items of the workstyle short form measure as was described by Feuerstein and Nicholas [21] . Furthermore, contrary to results of van den Heuvel et al. [24] , social reactivity did not contribute substantially to the total workstyle score in this study, with a mean score at baseline of 2.2 (median = 0). Therefore, it may be assumed that refining workstyle interventions by changing working through pain behaviour may be promising.
Some remarks can be made about the choice of the population used in this study. Only office workers showing a steady workstyle over time (between baseline and follow up) were included in the analysis. One reason for this choice was the availability of the data. Furthermore, as a result of this, it has been possible to look at workstyle as a factor over time that may explain why some office workers had pain and other workers had no pain after the same increase in work demands (i.e. the changes in working environment due to the implementation of the new office concept). It was assumed that if a mediating effect of workstyle exists, it could be found most easily within this steady workstyle group. However, this conclusion should be drawn with some care, because only about one-third (33 out of the 110) of the office workers with pain at baseline showed a steady workstyle over the 12 months follow up period and filled out the questionnaire and were therefore included in the analysis. Furthermore, the studied population comprised mainly highly educated office workers (60% had a bachelor's or master's degree). Feuerstein and Nicholas [21] also reported on a population of highly educated workers, when determining the correlation between workstyle and upper extremity pain. In order to generalize to the general workforce, it is recommended that a study be conducted to address workstyle issues in workers with lower levels of education who are experiencing increased job demands [21] .
In conclusion, workstyle seems to be a mediating factor for upper extremity pain in office workers within a changing work environment in the long term. This study could be seen as providing additional preliminary data on the construct. It is recommended to assess workstyle among office workers who have pain in the upper extremity, and to include changing workstyle behaviour into the treatment of office workers with these complaints.
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